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Abstract 
This experimental study aimed to design an autoclaved aerated concrete (AAC) with different kind of glass wastes as an 
alternative fine aggregates for mass housing projects that will meet the requirements in order to help contribute to the industry in 
saving the environment. Moreover we want to encourage the government to find solutions regarding the disposal to landfills of 
glassy waste materials and provide new knowledge to the contractors and developers on how to improve the construction 
industry methods and services by using glassy waste to sustain good product performance and meet recycling goals. Different 
kinds of glass wastes in the form of sub grain packaging glass cullet, CRT (Cathode Ray Tube) panel glass waste and calsi glass, 
were used as a sand replacement in AAC production. Large proportion of the post-consumer glass is recycled into the packaging 
stream again, but some sub grain packaging glass cullet does not meet the strict criteria for packaging glass thus is sent to 
landfill. CRT is classified as a hazardous glass waste and there are several issues surround CRTs which create barriers to 
increased recovery of the glass. In countries e.g. Latin America and Asia where still CRT glass is being produced even when 
shredder, the glass stream is a mixture of panel and funnel glass, making it difficult for reuse in new CRTs. Based on our 
knowledge also calsi glass as a processed blast furnace slag is not used in packaging production. The viability of current and 
novel applications of mentioned glasses is examined here. Although aerated concrete was initially envisaged as a good insulation 
material, there has been renewed interest in its structural characteristics in view of its lighter weight, savings in material and 
potential for large scale utilization of wastes. Due to this fact we undertake the studies of an influence of different amounts of 
glass wastes onto  properties of aerated concrete in terms of physical (microstructure, density), mechanical (compressive and 
tensile strengths) and chemical characteristic. Use of milled waste glass in concrete as partial re-placement of sand represents an 
important step towards development of sustainable (environmentally friendly, energy-efficient and economic concrete-based 
infrastructure systems. 
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1. Introduction 
In order to propose a new option for different kinds of waste glass recycling, in the present research the production 
of autoclaved aerated concrete (AAC) was carried out using cement, sand, burn lime, gypsum, and ground waste 
glasses: CRTs screen, container glass cullet and modified blast furnace slag called calsiglass. The benefits of 
implementing effective recycling of waste include reduced environmental pollution, lower disposal costs and landfill 
volume, advancements in recycling technology, and economic gains. Autoclaved Aerated concrete (AAC), was 
invented in the mid-1920s by Max Ginsberg. It is a lightweight, precast building material and provides structure, 
insulation, fire and mold resistance in a single material. AAC offers considerable advantages over other construction 
materials, one of the most important being its very low environmental impact. It's high resource efficiency gives it 
low environmental impact in all phases of its life cycle, from processing of raw materials to the disposal of AAC 
waste. AAC’s light weight also saves energy in transportation [1,2].The AAC industry has a history and willingness 
to utilise by-products as fine aggregate the most  common of which is pulverised fuel ash (pfa), which is widely 
available. Alternative sources of material have been explored in an attempt to reduce costs and provide greater 
flexibility in the sourcing of raw  materials. The ground glass have all been tried by manufacturers. As a result  of 
their own environmental policies, companies are  actively seeking alternative raw materials. Several researchers 
have investigated the possibility of replacing the traditional raw materials of ACC by industrial waste, such as coal 
bottom ash [3], natural zeolite [4] air-cooled slag [5] , lead zinc tailings [6], iron ore tailings [7] and sand–
phosphorus slag–lime [8].The significant increasing role isplayed by pozzolanic additives, which influence the 
process of hydration and hardening of Portland cement, as well as the properties of concrete. These additives are 
numerous, including natural rock (tripoli, opoka, diatomite) and industrial wastes (slags, ashes, other amorphous 
SiO
2 
containing materials). The additive of SiO2 is being currently used for the concrete production [9]. The most 
effective content of this SiO dust is 15.0 % of cement mass, however, it is to expensive  thus not more than 5.0 % of 
the dust is added to concrete[10]. The amorphous materials mostly glasses and slags containing SiO
2 
participate in 
the reaction with lime, which is generated in the course of cement minerals hydration, and the reaction with lime 
results in gel calcium hydrosilicates, as well as hydroaluminates, hydrogarnets and other hydrates [11,12]. These 
new formations increase the strength of concrete and simultaneously help to save Portland cement. The application 
of strength-increasing additives is especially urgent for concretes with aggregates of low mechanical resistance 
interconnected by a small quantity of cement binder[12]. Due to this fact we undertake the studies of an influence of 
different amounts of glass wastes onto  properties of aerated concrete in terms of physical (microstructure, density), 
mechanical (compressive and tensile strengths) and chemical characteristic.  
Our aim was  to improve the construction industry methods and services by using glassy waste to sustain good 
product performance and meet recycling goals. As a glass additives the CRTs screen glass, packaging cullet glass 
and modified blast furnace slag  "calsiglass" were used. CRTsare composed of three different parts: the viewing 
section known as the screen or panel, made of barium oxide glass; the funnel glass and the neck glass, both of 
whichcontain lead oxide which absorbed X-ray radiation [13,14,15]. Composition of the panel glass was specifically 
designed to be highly resistant tocrystallization. There are several issues around CRTs which create obstacles to the 
increased recovery the glass. The specific glass composition forbid their recycling in the glass industry forthe 
production of containers, domestic glassware and glass fibers, on the other hand there are no manufactures of CRT 
glass in Europe [16]. Also sub grain packaging glass cullet does not meet the strict criteria for packaging glass thus 
both CRTs and sub grain packaging glass are sent to the landfill. 
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2. Materials and test methods 
2.1. Materials  
The main materials used to produce autoclaved concrete samples were: cement CEM I 42,5 R (according to EN 
197-1:2012), burnt lime, sand and gypsum. Different waste materials were used as an replacement for quartz, such 
as: CRT cullet, glass cullet and calsiglass. The most important properties of raw materials were tested, such as: 
reactivity of quicklime according to EN 197-1:2012 (T60 13:30 and maximum temperature 67,2ºC), specific gravity 
according to EN 1097-7:2008, specific surface area according to 196-6:2011, particle size distribution by Horiba 
LA950 laser scattering PSD analyzer (table 1). Comparison of particle size distribution of all raw materials is 
presented in the Figure 1.  
     Table 1. Properties of  the raw  materials. 
Properties Cement  
CEM I 42,5 R 
Burnt 
Lime 
Sand Gypsum CRT 
glass 
cullet 
Packaging 
glass 
cullet 
Calsiglass 
Density, g/cm3 3.1 3.1 2.6 2.3 - - - 
Specific surface area, 
cm2/g 
3800 3000 2300 3800 - - - 
Pa
rti
cl
e 
si
ze
 
di
str
ib
ut
io
n 
< 16 μm 45.6 56.6 22.5 0.0 21.6 21.6 19.4 
16 – 32 
μm 
25.9 16.0 18.2 0.0 18.2 18.5 12.2 
32 – 64 
μm  
20.5 13.9 26.6 0.5 26.7 27.9 18.3 
> 64 μm 8.0 13.5 32.7 95.5 33.6 32.1 49.8 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Particle size distribution of the raw materials. 
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As it is shown in Fig. 1 cement and lime have very similar particle size distribution. Gypsum has the highest 
content of particles bigger than 64 μm. It is very important factor, because gypsum shows high solubility in water. 
Calsiglass has the coarsest particles from three different kinds of used waste materials. Studises of the chemical 
composition of raw materials was performed in accordance with 196-2:2006. The results are shown in Table 2. 
. 
   Table 2. Chemical compositions of raw materials 
Content, % Cement  
CEM I 42,5R 
Burnt 
Lime 
Sand Gypsum CRT glass Glass 
cullet 
Calsiglass 
SiO2 20.6 2.7 93.9 4.1 63.2 67.1 30.8 
SO3 3.0 0.7 0.0 42.0 - 0.2 1.7 
Fe2O3 2.6 0.3 0.8 0.5 0.1 0.2 0.2 
Al2O3 4.8 0.3 1.6 1.2 2.0 0.9 6.6 
CaO 62.0 91.0 0.3 31.0 0.0 7.4 53.0 
MgO 2.3 0.5 0.7 0.3 0.0 4.2 5.7 
Na2O 0.3 0.2 0.3 0.0 7.9 19.4 0.8 
K2O 0.9 0.1 0.5 0.0 7.4 0.2 0.6 
TiO2 0.3 0.0 0.1 0.1 0.1 0.4 0.3 
CaOw 1.4 - - - - - - 
BaO - - - - 7.2 - 0.2 
SrO - - - - 10.0 - - 
ZrO2 - - - - 1.7 - 0.1 
LOI 2.9 3.7 0.6 20.3 - - - 
other 0.3 0.5 1.2 0.5 0.4 0.0 0.0 
 
The samples were made on the proportion of raw mixtures used in production of 400 density autoclaved aerated 
concrete. Different proportions of raw materials with varying ratio of Ca/(Si+Al) which were used for sample 
preparation are presented in Table 3.  
 
Table 3. Samples composition. 
Samples Cement, % Burnt 
Lime, % 
Gypsum, % Sand, % CRT glass, 
% 
Glass 
cullet, % 
Calsiglass, 
% 
R 33.7 11.3 5.0 50.0 - - - 
CRT 1 33.7 11.3 5.0 45.0 5.0 - - 
CRT 2 33.7 11.3 5.0 40.0 10.0 - - 
P1 33.7 11.3 5.0 49.0 - 1.0 - 
P2 33.7 11.3 5.0 47.0 - 3.0 - 
P3 33.7 11.3 5.0 45.0 - 5.0 - 
P4 33.7 11.3 5.0 43.0 - 7.0 - 
P5 33.7 11.3 5.0 40.0 - 10.0 - 
C1 33.7 11.3 5.0 49.0 - - 1.0 
C2 33.7 11.3 5.0 47.0 - - 3.0 
C3 33.7 11.3 5.0 45.0 - - 5.0 
C4 33.7 11.3 5.0 40.0 - - 10.0 
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The amount of main raw materials: cement, burnt lime and gypsum; was the same for all prepared samples. 
Quartz was replaced by three different kinds of glass waste at a maximum dosage of 20%. All the samples were 
made without an addition of aluminum powder in order to avoid density differences after autoclaving process. 
Performed concrete mix was casted in steel molds with dimensions of 40x40x160 mm. Prepared raw samples were 
curing in conditions specific to standard production process of autoclaved aerated concrete based on sand 
technology. Initially, samples were hardened at atmospheric pressure and temperature of 60ºC for about 5 hours. 
After initial process samples were autoclaved under hydrothermal conditions at temperature of 190ºC and the steam 
pressure of 12 bars for 6 hours.  
2.2. Methods of investigation 
After autoclaving process, samples were dried at 105oC ± 5oC to constant mass and after cooling compressive 
strength were performed on 40 mm cubic specimens in temperature 20oC using Automax 5 control.  
Chemical compositions of samples were determined by X-Ray analysis using Philips PW 1130 and 
microstructure using Scanning Electron Microscope Nova Nano SEM 200 with EDS analyzer EDAX.  
3. Results and discussion 
3.1. Compressive strength results 
Compressive strength test results of a reference sample and samples with the addition of different types of glass 
waste are shown in Figure 2. Autoclave aerated concrete has a lower mechanical properties in comparison with 
normal concrete. This paper focuses on the compressive strength properties as an indication of the mechanical 
properties of the modified autoclave aerated concrete with glass powder. Compressive strength results are higher 
than in AAC, because the samples were prepared without using aluminum powder. These investigations are 
regarded as a model investigations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Compressive strength results 
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Samples with addition of CRT cullet in starting mixtures have similar compressive strength in comparison to 
reference sample – 29,1 N/mm2, irrespective of cullet content in the mass. An addition of glass cullet by 1% did not 
result in a decrease of compressive strength of the sample. Higher content of glass cullet: between 3-10%; caused an 
average decrease of compressive strength of the samples by 8%. The highest decrease of compressive strength was 
observed for samples with addition of calsiglass. Specimen with 20% calsiglass replacement in place of quartz 
showed compressive strength decrease by 33% in comparison to reference sample. This effect may be caused by 
coarser grain size of calsiglass in comparison to CRT cullet, glass cullet and sand grains.   
The microstructure of all samples was observed with use of scanning electron microscope (SEM). The main 
products of hydration in all samples were tobermorite and C-S-H phase (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. SEM of a reference sample (A) and  modified samples; by CRT glass (B), glass cullet(C), calsiglass (D). 
 
SEM showed that the microcapillaries in AAC reference sample are plate shaped crystals of tobermorite with a 
double-chain silicate structure [17] (Fig.3 A).  While in the samples containing different kind of glass additives the 
shape of tobermorite crystals appeared to be fibrous like. Additionally some well crystallized C-S-H and C-S-H gel 
on surface of glass grains can be observed (Fig. 3 B,C D). 
Samples were tested by XRD and comparison of qualitative composition is shown in Fig. 4.  
 
A B 
C D 
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Fig. 4. X-ray diffraction patterns of autoclave aeratedconcrete contain different glass powders 
 
 
For all samples X-ray powder diffraction studies have confirmed that the main reaction product belong to 
tobermorite group of calcium silicate hydrates (C-S-H). The reaction sequence is: Ca rich C-S-HoC-S-Ho 11:3 Ǻ 
tobermorite. The reaction product is a mixture of crystalline, semi-crystalline and near amorphous tobermorite, i.e., 
a material with varying degree of crystallinity, which is defined as the ratio of tobermorites to total calcium silicate 
hydrates [18].It can be noted that all samples have a very similar content of calcium silicate hydrates. Aside from 
tobermorite phase un-reacted quartz and some amount of calcium sulfate can be observed, buttobermorite and C-S-
H are the main calcium silicate hydrates observed in all samples.  
In the case of all samples the same amount of binder's raw materials, like: cement, burnt lime and gypsum were 
used. The reduction of the compressive strength with the increase of additive content mass is observed only for the 
sample containing calsiglass as an additive. It is can be explained by the higher content of grain size 64μm (about 
50%) (Fig.1). CRT and packaging glass cullet had very similar particle size distribution lower than calsiglass, thus 
the compressive strength increases with the increase of glass content.   
4. Conclusions 
In this study the feasibility of using glass additives for the production of autoclaved aerated concretehas been 
demonstrated. 
Based on the work undertaken here, the following conclusions may be drawn: 
x It is possible to produce autoclaved aerated concrete with the addition of different kinds of glass cullet. 
x the compressive strength of autoclaved aerated concrete with additives of CRT glass and cullet is very similar to 
the reference sample, 
x the pozzolanic characteristics of glass powder may be the main cause of the compressive strength enhancement 
x the incorporation of glass powder has no effect on the qualitative hydration products and no harmful 
compoundswere detected by X-ray diffraction analysis 
x the use of glass in the AAC production can be great way of the waste utilization  
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